Phenomenological studies of odderon effects are shortly reviewed. Special emphasis is devoted to a recent study of the exclusive production of J/ψ or Υ in pp andpp collisions, where the meson emerges from the pomeron-odderon and the pomeron-photon fusion.
Introduction
Hadronic elastic processes occuring at high energies and at small momentum transfers are described by exchanges of either the pomeron with even charge parity or by its odd charge parity conterpart, the odderon. In the framework of the perturbative QCD, the pomeron and the odderon are described in the Born approximation by exchanges of, respectively, two and three gluons. The higher order effects of interation between exchanged gluons are summarized in the leading logarithmic approximation (LLA) by the BFKL equation [1] for the pomeron and by the BKP equation [2] for the odderon.
The concept of the odderon was introduced long ago [3] ; from the point of view of general principles based on the analyticity and the unitarity of the S-matrix one could naively expect that its exchange should lead to effects of comparable magnitudes to those of the much well known pomeron. Nevertheless, till now it is hard to observe fully convincing effects of the odderon which somehow escapes experimental verification and remains some mystery. On the other hand, the attempts to understand in details the QCD dynamics of interacting gluons forming pomeron and odderon has lead to numerous theoretical developments showing its connections with exactly integrable models of the non-compact spin chains [4] , the gauge theory/string duality [5] or to the dipole model [6] .
2 Phenomenology with the odderon
Elastic pp and pp scattering
The most convincing trace of the odderon effects would be a discovery of the difference between the differential cross sections for proton-proton and antiproton-proton at high energies and at small momentum transfers. Such an analysis of the difference between (dσ/dt)p p and (dσ/dt) pp in the dip shoulder region 1.1 < |t| < 1.5 GeV 2 at √ s = 52.8 GeV was already performed at the ISR at 1985 and led to some evidence for the presence of the odderon [7] . Unfortunately, due to the closure of the ISR, the obtained results are not fully convincing. The recent study [8] discusses how to find the odderon at RHIC and at LHC. At RHIC the experiment can be done with the STAR detector in combination with the existing UA4/2 data. Fig. 1a shows the predictions for (dσ/dt)p p and (dσ/dt) pp ; the spectacular oscillations in the difference of cross sections ∆ 
Exclusive meson electroproduction
An interesting possibility to search for the odderon effects is the diffractive production of pseudoscalar or tensor mesons γ ( * ) p → M p shown in Fig. 2a . In particular, if meson M is an η c pseudoscalar charmonium, the mass of the c−quark supplies a hard scale which justifies the perturbative description of the odderon [9, 10] . It is natural to expect that in hard processes the effects of odderon exchanges -being suppressed by an additional power of the strong coupling constant α s -are smaller than similar contributions due to pomeron exchange, e.g. when M = J/ψ. Unfortunately, the obtained predictions, as those presented in Fig. 2b [10] are very small with respect to experimental possibilities. The situation is not significantly improved by taking into account the effects of the BKP evolution, which leads to an enhancement factor of the order 5 [11] .
One could expect that the largest cross section should be obtained in the photoproduction of light pseudoscalar meson M, i.e. for M = π 0 . Due to the absence in this case of a hard scale a fully non-perturbative description is necessary, such as the stochastic vacuum model of the Heidelberg group which was quite succesfull in the description of processes involving pomeron exchanges. It turned out, however, that the predictions of this model for the diffractive photoproduction of π 0 [12] has been disproved by HERA measurements showing much smaller values of the cross sections. A possible excuse for this disagreement is related to peculiar properties of a pion as a Goldstone boson of the chiral symmetry of QCD [13] . 
Pomeron-Odderon charge asymmetry
The cross section for the diffractive production of mesons involves the square of the scattering amplitude with exchange of the odderon. In view of the presumed smallness of odderon contribution it is desirable to have an observable which is linear in the amplitude which involves the odderon. Such a possibility is given by the charge asymmetry measured in the diffractive electroproduction of π + π − meson pair as the one shown in Fig. 3a , [14, 15, 16] . The state of π + π − meson pair is not an eigenstate of the C parity operator so the production mechanisms involves contributions from both, the pomeron and the odderon exchanges. The meson pair dynamics is governed by its generalized distribution amplitudes [17] which take into account the final state interactions between mesons. The charge asymmetry is defined as a ratio of the difference between integrated number of events with π + emitted in direction of the polar angle θ determined in the cms of the pion pair and those emitted in direction of π − θ to the total number of events
Here dσ(s, Q 2 , t, m 2 2π , y, α, θ, λ) is the cross section for production of meson pair with the invariant mass m 2π from a photon with virtuality Q 2 carrying fraction y of energy of the initial electron with helicity λ, see Fig. 3a . The charge asymmetry A(Q 2 , t, m 2 2π , y, α) defined above can be roughly treated as a "ratio" of the scattering amplitude with odderon exchange and the one with the pomeron exchange. The predicted charge asymmetry in Ref. [15] is shown in Fig. 3b . It is quite large in the region of m 2π ≈ 1.2 GeV corresponding to the f 2 meson mass. It would be highly desirable to perform study of the charge asymmetry based on the H1 and ZEUS data, similarly as the one done by HERMES at much lower energies. The charge asymmetry predicted in Ref. [15] 3 Exclusive J/ψ and Υ hadroproduction
The new analysis of exprimental data on the exclusive hadroproduction processes by the CDF collaboration [18] shows that these types of processes can be objects of studies at the Tevatron and in the near future at the LHC. This opens a possibility to study the odderon effects in the exclusive hadroproduction of J/Ψ and Υ mesons (Fig. 4) :
The production of a charmonium V , with the quantum numbers J P C = 1 − − , occurs in the above process as the result of a pomeronodderon or pomeron-photon fusion [19] . The lowest order contribution to the amplitude is The scattering amplitude written within the k ⊥ -factorization approach is a convolution in transverse momenta of t−channel fields. For instance, the contribution of Fig. 5a reads:
where Φ
are the impact factors describing the coupling of the pomeron and the odderon to scattered hadrons, respectively, whereas Φ
is the effective J/ψ-meson production vertex. In writing this formula we used the Sudakov decomposition of momenta with respect to the incoming hadron momenta treated as two light-cone vectors and we used the euclidean notation for transverse vectors l 2 ⊥ = − l 2 . The proton impact factors are non-perturbative objects and we describe them within the Fukugita-Kwieciński eikonal model [20] . Their calculation is standard. The derivation of the effective production vertex of J/ψ, Φ (2) is one of the main results of our study [19] . The charmonium is treated in the non-relativistic approximation and thē cc → J/ψ vertex is described by
with the coupling constant g J/ψ related to the electronic width Γ J/ψ e + e − of the J/ψ. The effective vertex g + 2g → J/ψ is described by the sum of the contributions of the diagrams in Fig. 6 which has the form
where x A/B are the fractions of light-cone momenta p A/B carried by gluons in two t−channels.
In the numerical analysis we set α s (m c ) = 0.38 and α s (m b ) = 0.21. We describe the photon-pomeron fusion in Fig. 5c in a similar framework and obtain the expression
where Φ γ P (l l l) is the phenomenological form-factor of the photon coupling to the proton chosen in consistent way with previously introduced impact factors within the Fukugita-Kwiecinski model. The corresponding effective vertexΦ
The phases of the scattering amplitudes describing the two mechanisms of J/ψ-meson production differ by the factor i = e iπ/2 . Consequently, they do not interfere and the cross section as a sum of two independent contributions: |M
The realistic cross-sections are obtained from the above expressions by taking into account phenomenological improvements, such as those related to the BFKL evolution (which is very important for the pomeron exchange and which may be omitted for the odderon exchange), the effects of soft rescatterings of hadrons, and the precise determination of the value of the model parameterᾱ s in the impact factors. We write the corrected cross-sections in the form
where dσ P O/γP /dy are the cross sections determined atᾱ s = 1. The BFKL evolution for pomeron exchange is taken into account by inclusion of the enhancement factor, which for the central production (i.e. for the rapidity y = 0) has the form E(s, m V ) = (x 0 √ s/m V ) 2λ . Here, x 0 is the maximal fraction of incoming hadron momenta exchanged in the t−channels (or the initial condition for the BFKL evolution) and it is set to x 0 = 0.1. The effective pomeron intercept λ is determined by HERA data, see [19] . The gap surviving factor S 2 gap for the exclusive production via the pomeron-odderon fusion is fixed by the results of the Durham two channel eikonal model [21] : S 2 gap = 0.05 for the exclusive production at the Tevatron and S 2 gap = 0.03 for LHC. In the case of production from the photon-pomeron fusion, S 2 gap = 1 [22] . The available estimates of the effective strong coupling constantᾱ s in the Fukugita-Kwieciński model have a rather large spread: fromᾱ s ≈ 1 [20] , throughᾱ s ≈ 0.6 − 0.7 determined from the HERA data toᾱ s ≈ 0.3 determined from data on elastic pp and pp scattering [23] . This led us to introduce three scenarios which differ by the values ofᾱ s and of S Table 1 shows our predictions for the phenomenologically improved cross sections in all three scenarios. Their magnitudes justify our hope that the hadroproduction process (??) is a promising subject of experimental study in the near future at the Tevatron and at the LHC [24] . The encouraging feature of our results is due to the fact, that the measurement of the t i dependence of the cross section partially permits filtering out the γ P contributions and to uncover the P O ones. Table 1 : The phenomenologically corrected cross sections dσ corr /dy| y=0 for the exclusive J/ψ and Υ production in pp and pp collisions by the pomeron-odderon fusion, and analogous cross sections dσ corr γ /dy| y=0 for the photon contribution for the pessimistic-central-optimistic scenarios.
